The "information age" that has ushered in the 21 st century has been built squarely on information, communications, and computational technology (ICCT). In this WIP, we explore how ICCT impacts the way that engineering is learned with the goal of establishing a research agenda for propagating the effective use of ICCT in engineering education. We seek to inform action and generate conversation amongst administrators, instructors, researchers, and students.
Introduction
The "information age" that has ushered in the 21 st century has been built squarely on information, communications, and computational technology (ICCT). In this WIP, we explore how ICCT impacts the way that engineering is learned with the goal of establishing a research agenda for propagating the effective use of ICCT in engineering education. We seek to inform action and generate conversation amongst administrators, instructors, researchers, and students.
We can approach this goal from two broad perspectives. First, ICCT has fundamentally changed engineering practice by supporting discovery, collaboration, and innovation processes. 1 In tandem, learning technologies promise to provide an unprecedented opportunity to improve instruction, provide adaptive learning, and foster increased access to education. Learning technologies consist of both tools and resources developed specifically for an educational setting and tools that have been repurposed and coupled with strategies that make them useful for learning. 2 However, the engineering education community is facing the challenge to adopt approaches to technology use that are grounded in theory, and educational researchers have called for evidence for the effectiveness of the uses of technology for teaching and learning. 3 In general, educators (including engineering educators) have struggled to keep pace with quickly evolving technology.
In considering the impact of technology, we may consider two distinct but related questions which lie at opposite ends of the spectrum:
1. How do we best adapt engineering programs (curricula) to prepare students to contribute effectively in a rapidly changing, technology-rich professional environment? 2. How do we corral the ever-increasing plethora of learning technologies in ways that faculty can use to effectively promote meaningful learning and equitable engagement? In this white paper, we begin discussion with the second question while recognizing that the two questions are interdependent and we cannot answer the second without elaboration of the first. Additionally, we consider ICCT as one element in the larger ecosystem where engineering learning occurs and the issues we present strongly interact with aspects of the other two white papers in this session: (i) Learning In and Out of Class, and (ii) Pathways and Diversity.
Our premises and working scope for this paper include the following:
1. Technology is a tool that can support teaching and learning effectively (especially with increasing class sizes), but needs to be approached in conjunction with content and with pedagogical context considerations. 2. We choose to emphasize the use of technology for on-campus programs. While many of these systems can be used for learning at a distance, we are not directly addressing issues of solely distance education. While the two appear interchangeable at first blush, we believe that where and how technology is situated is foundationally related to student learning. 3. We center discussion on the undergraduate level engineering while acknowledging issues of technology in K12 and graduate education are also important.
This work in progress paper presents three main issues that have been identified through a group of engineering education experts as the focus for systemic change for the effective integration of technology in engineering education. 4 call cognitively oriented technology innovations (COTIs), innovations designed to foster deep thinking and meaningful learning. COTIs are learning technologies developed around instructional design that is specifically "rooted in cognitive and constructivist learning theories" (p. 45). With COTIs, "technology is employed as a tool to support teaching and learning, as opposed to the object of learning. These innovations often use technology to scaffold teaching and learning practices that would be difficult to achieve otherwise, such as making complex causal modeling accessible to students" (p. 46). In some COTIs, instruction is delivered entirely though the computer, while in others, devices form a distributed resource to promote productive face-to-face interactions and learning, such as when clickers are used to support Peer Instruction. 5 
Technology uses in professional practice
Second, we consider development of students' skill in technology used in engineering practice. Important technologies include disciplinary specific design tools like APSEN in chemical engineering and SPICE in electrical engineering and more general tools like high level scientific computing programming languages (e.g., MATLAB, COMSOL).
Technology-general
Third, we consider the broad impact of technology change on the instructional environment in engineering. In this aspect, there are both positive (e.g., increased resources) and negative (e.g., access to solution manuals) ways that technology impacts the learning environment. We need to understand and manage the affordances between technology as a large force in society and the uses in education. From this lens, it is useful to identify how technology fits into the cultures of engineering programs and the culture of higher education, with the goal of promoting systemic change towards more effective instruction.
Issue 2: Strategies and Mechanisms to Address Faculty Pedagogical Beliefs and Technological Pedagogical Content Knowledge
Higher Education has acknowledged that faculty commonly hold low digital literacy in general along with lack of pedagogical knowledge on how to effectively integrate it into their teaching practices. 2 Part of the problem relates to the lack of effective faculty training in the form of professional development. However, deeper challenges that exacerbate this issue relate to (a) faculty attitudes and pedagogical beliefs; (b) faculty development of technological pedagogical content knowledge; and (c) faculty perceptions of technology affordances.
Faculty attitudes and pedagogical beliefs
It is important to distinguish faculty knowledge (i.e., content, pedagogical, technological) from faculty attitudes and beliefs about teaching and learning and how technology enables them to translate those beliefs about teaching and learning into classroom practice. Faculty attitudes and beliefs are a vital first step toward technology acceptance and eventually integration. 6 Faculty attitudes and pedagogical beliefs relate to suppositions, commitments, and ideologies that they hold about technology. 6, 7 Faculty development of technological pedagogical content knowledge Educational researchers have identified that in order to help students' improve learning with technology, it is essential for instructors to properly orchestrate the interplay among content, pedagogy, and technology. This interplay among teacher and faculty content, pedagogy and technology knowledge has been referred to as Technological Pedagogical Content Knowledge (TPCK). 8, 9 However, little is known about how engineering faculty develop or use this knowledge in their classrooms.
Faculty perceptions of affordances, usefulness and ease of use of technology
Factors such as perceived technology affordances and their effects in learning outcomes, along with perceived usefulness and ease of use may determine technology acceptance.
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Issue 3: Systemic Uses of Process and Learning Data for Feedback, Assessment, Personalized Instruction and Educational Research Advancements in cyberinfrastructure technologies (e.g., high-performance computers, telecommunications networks, modeling and simulation, among others) along with online learning environments have resulted in learning and process data that can be now used for improving learning. 13 Challenges and opportunities associated with this issue are: (a) the use process and learning data to improve learning, (b) the use process and learning data for educational research purposes, and (c) the challenges of privacy.
Learning and process data for feedback, assessment and personalized instruction As learners engage with technology, they leave a trail of ways in which they use the technology (interaction and process data) and the outcomes and the impact of using such technology (learning data).
Learning and process data for educational research
Due to a growing interest in higher education for ways to use data for improving teaching and learning, new fields such as educational data mining and learning analytics have emerged. These fields can support the development of engineering-specific theories of learning and the characterization of different aspects of learning processes at the level of individuals, groups, and institutions.
